Abstract. Measurements have shown a substantial decrease in Northern midlatitude ozone, which has only partially been explained by chemical models. The large ozone depletions determined for the Arctic vortex in recent winters will ultimately spread out and dilute the midlatitudes and thus contribute to the observed decrease. Here we have followed the ozone-depleted air inside the Arctic vortex in 1995 and 1997 during April and May with high-resolution reverse domain-filling (RDF) trajectory calculations. The resulting average midlatitude (30ø-60øN) stratospheric ozone dilution in May is 2.9% and 2.6% of the 1979 column ozone in 1995 and 1997, respectively, or about 40% of the observed depletion. Nearly realistic mixing was introduced by a regridding procedure between successive 7-day long RDF calculations. Low-resolution grid point models give too much mixing, causing an overestimate of the calculated dilution. A recovery of about 12% of the midlatitude dilution in May 1997 is calculated with a photochemical box model, but is not included in the number given above.
Section 3 presents the resulting dilution. In section 4 the mixing properties of the regridding procedure are analyzed, while section 5 studies the photochemical recovery of ozone. Finally, section 6 offers some conclusions.
RDF Calculations
The RDF calculations are described by Knudsen et al. [1998a,b] , but the description is repeated here. The calculations use 6 hourly European Centre for Medium-Range Weather Forecasts (ECMWF) analyses in a 1.5 ø latitude-longitude grid. The RDF calculations are performed in an equal-area grid with a grid distance of 1 o by latitude (-111 km), and the number of longitudes at each latitude is given by the integer closest to 360cos(q•), where q• is the latitude. The longitude 0øE is always included. The calculations end on the 350, 375, 400, 425, 450, 475, 500, 525, and 550 K potential temperature (0) levels. The calculations are three-dimensional since 0 in each time step is changed by the diabatic heating. The heating rate calculations are done with the ECMWF radiation scheme [Morcrette, 1991] 79øN,12øE) when the station was well inside the vortex. If clouds are included in the calculations after April 6 together with this vortex ozone profile, then the total advected ozone depletion during the full 62 day calculation is less than a factor of 1.19 larger than initially. Nevertheless, these calculations did not make any significant changes in the midlatitude dilutions and were not used in this study (except in the photochemical calculations) because of their potentially large errors.
It should be noted that circulation changes due to the dilution have not been taken into account in this study. However, Prather et al. [ 1990] found that the recovery from the Antarctic ozone hole due to increased transport from the tropics and reduced transport into the troposphere is only a minor fraction of the photochemical recovery during spring.
The breakup of the vortex is a period that is probably particularly poorly analyzed due to the rapid dynamical development. Therefore Knudsen et al. [1998a] calculated the isentropic dilution using both ECMWF and U.K. Meteorological Office (UKMO) analyses. When correction is made for the factor the total depletion has increased during the 28 days of calculation (this was not done by Knudsen et al. [1998a] ) the UKMO midlatitude dilution is 0.97 times the ECMWF dilution. However, the difference is, in fact, caused by the difference in spatial and temporal resolution of the analyses. 
Mixing
The mixing introduced by the regridding was simulated in the following way: First a straight, long, thin filament of tracer was assumed. A cross section of the filament is shown in Figure 3 Since the photochemical recovery depends nonlinearly on the ozone mixing ratios, the combined effect of mixing and recovery could be different from the sum of each effect individually. However, the impact is probably limited. The effect of export of chemically activated air out of the vortex is also small, as seen from the following arguments: The exported air will only deplete the air outside the vortex for, say, 10 days. However, the air inside the vortex stays activated for about 60 days on average in the two winters studied here [Rex et al., 1999; Knudsen et al., 1998b] . Since the exported air constitutes less than about 50% of the vortex area, the exported air only has a depletion potential of less than about 1/12 of that of the vortex air. These considerations are not in disagreement with the larger chemical activation outside the vortex found by Norton and Chipperfield [1995] , because they include PSC processing outside the vortex, which can be substantial. Thus the dilution in spring 1995 and 1997 after the ozone depletion period is likely to contribute more than about 2/3 of the midlatitude depletion due to the vortex. In addition, any midlatitude depletion during winter is subject to photochemical recovery, which decreases its influence on the depletion in spring.
The type of calculations used here (regridded successive highresolution RDF calculations with an attached photochemical box model) could be a powerful tool for a variety of problems. It is a computationally very cheap way of obtaining a nearly realistic treatment of mixing (a horizontal diffusivity of 1.65xl 03 m 2 s -1 on average).
